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PREFACE

Thie volume, the second part of a serles giving data for design against acoustic
fatigue, has been prepared in order to draw together the results of research in
acoustic fatigue and to present them in a form directly useable in aerospace design.
Future work in thias series will deal with endurance of titanium alloy structures under
simulated acoustic loading, near field compressor noise estimatiovn, stress response of
box and ~control surface structures, structural damping and stress response o¢f skin-
stringer panels with stringers of relatively low flexural atiffnese.

The AGARD Structures and Materials Fanel has for many voars been active in
encouraging and coordinaving the work that has besn necessaxy to make this collection
of design data possible and after agreeing on procedures for ths acquisition, analysis
and interpretation of the recuisite datu, wurkh on this series of design data sheets
was initiated in 1977.

The overall management of ths project has been conducted by the Working CGvoup on
Acoustic Fatigue of the AGARD Structurss and Materials Panel, and the project has been
financed through a collective fund established by the Nations collaborating in the
project, namely Canada, France, Germany, Italy, U.X. and U.S. Hational Coordinators
appoiated by sach country have provided the basic data, liaised with the sources of
the data, and provided constructive ccament on draft data sheets. These Coordinators
are Dr G.M. Lindberg (Canada), Mr R. Loudet (France), Mr G. Bayerddrfsr (Germany),
Gen. A. Griselli (Italy), Mr N.A. Townsend (U.K.), Mx A.W. Kolb (U.S.) and
Mr ¥.F. Rudder (u.s.). Staff of the Engineering Sciences Data Unit Ltd, London, have
analysed the basic data and prepared . ' edited the resultant data sheets with invalu.
able guidance and advice from the Nuci_ual Coordinators and from the Acoustic Fatigue
Panel of the Royal Aeronautical Society which has the following constitution:
Professor B.L. Clarkson (Chairman), Mr D.C.G. Eaton, Mr J.A. Hay, Mr W.T. Kirkby,
Mr M.J:T. Smith und Mr N.A. Townsend. The members of Stafi of the Engineering Sciences
Data Unit concerned witi: the preparation of the data sheets in this volume aret
Mr A.G.R: Thomson (Executive, Envircnmental Projects), Dr G. Sen Gupta and
Mr R.F. Lambert (Environmental Projects Group).

Data sheets bused on this AGARDograph will subsequently be issued in th> Fatigue

Seriss of Fagineering Sciencos Data _ssued by ESDU Ltd, where additions and amendments
will be made to maintain their current applicability.

(oAl

A+He Hall
Chairman,

Working Group >n Acoustic Fatigue
Structures and Materials Panel
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Section 1
ENDURANCE OF ALUMINIUM ALLOY STRUCTURAL ELEMENTS
SUBJECTED TO SIMULATED ACOUSTIC LOADING
l.1 Notation
Srmu root mean square velue of stress at a reference 2 2
position N/m 1bf/4in
Nr equivalent endurancea cycles cycles
l.2 Noutes
This Section gives the results of fatigue tests on aluminium alloy specimens,
typical of aircraft structural components, excited by narrow band random loading to
simulate acoustic fatigue loading. The results are presented in the form of curves
of sruo against Nr' where Srm. is the root mean square stress of the stress-time

function and "r is taken as half ths number of zero crossings tv failure of the
stress-time function.

Data for four types of specimen are presented, i.e. plain, integrally-machined,
riveted-skin and rib-flange specimens. The data are for specimens tested under
reversesd bending loading which produced a random amplitude stress distribution about
& Zero mean stress. The materials rsed are identified by the designatior given in
the test report, and the material type and the equivalent United States specification
can bs identified from the material description given in Appendix 1lA.

All data presented are for aluminium-copper al'oys. Test data for aluminiuwm-zinc
alloys are available but are not presented because their crack propagation rate is
greater than for aluminium-copper alloys renderirg them less suitable for use in an
acoustic environment. The lives for the two types of alloy are however similar.
Aluminium-zinc alloys that are given a two stage precipitation heat treatment intended
to improve their resistancs to crack propagation are manufactured but acoustic fatigue
datu for ti.ese materials are not yet available.

On the Figures of sr; against Nr for the various types of construction,

3
material and jointing ccmpound, the test points plotted represent mean nominal
stresses over the areas covered by the strain gauges. In the absence of data beyond

109 cycles a loast-squares fitted straight line has been drawn through the test points.

It is expected that teat points beyond 109 cycles would generally lie above this line.
The lines drawn through the test data are given for guidance only and should not be
used directly for design because when estimating life due account should be taken of
scutter in test data.

Two types of vi-coaelastic jointing compound were used in the riveted-skin and rib-
flange tests. Using type 1 jointing compound there was no atrong bond between mating
surfaces, but type 2 cor )>und created a strong bond between the maiing skin and flange
surfaces. 1lhe effect of the jointing compounds on the position of failure of the
riveted skin test specimens is shown in Figures 1.14 and 1.15, and the effect on the
stress distribution across the skin is shown in Figure 1.16. A notable feature of the
effect of a type 2 viscoelastic jointing compound on a tect specimen having a sirgle
row of skin attachment rivets is that the rivet line root mean square stress developed
in such a specimen is considerably less than that developed in specimens having dry
Joints or joints with type 1 jointing compound for the same level of input force.

A comparison of S-N curve data for riveted-skin specimens with and without the
viscoelastic jointing compounds shows that the endurance is little affected by the
Jointing compound. Howevor, apart from the possible redistribution of stress, there
is an advantage in using a viscoelastic jointing compound, 1in that for a given
exciting force the stress level is less because of the increase in damping.

In Figure 1.3 the effuct of surface cladding is evident. The endurance for clad
material is less than for similsr material in the unclad state; however, this
difference is greater on plain specimens that on notched specimenz, and is further
reduced where fretting takes place.

The range of response frequel "1es for the rivetrd-skin and rib-flange tests 1is
indicated on the Figures of S-N data. Over the range of frequency of .iaterest
(100-1000Hz) no effect of frequency on the endurance of the speclmens was identified.




A limited number of the tests cnm skins attached by double rows of rivets were

carried out at a temperature of -40°C. Because of tii. limited number of these teste
no definite conclusion can be shown although the fatiiue life did not appear to be
significentiy affected by the reduction in temperature.

in random vibration fatigue tests it is necessary to truncate the applied loading
spectrum to a prescribed value of root mean square stress above and below the root
mean square value. The effect of the truncation level on fatigue endurance is
dependent to a large extent on the root mean square value of the load spectrum
concerned in relation to the fatigue limit strength of the structural element.
Bending fatigue tests, about a zero mean load, on an aluminium-copper alloy have shown
that truncation at a stress of + 2.5 times the root mean square value results in lives
greater than ten times those for specimens with load truncation at X 4.0 times the
root mean square value when the value of the root mean square stress is below the
fatigue limit. The truncation levels for data presented are typical of the values
found in normal acoustic anvironments, hence the data are directly applicable to
structural e.ements subjects to acoustic loading.

The loading simulated for the skin-stiffener test specimens is that for modes in
which skin-stiffener flexure predominate. Care should bs taken when this Data Item is
used for modes involving twistirg of the stiffeners.

The reference stress for riveted-skin and rib-flange test specimens is the
nominal root mean squure stress (i.ec. sross area measured r.m.s. stress beiwoen
rivets) at the failure line. When using this Data Item to predict a life using a root
mean square stress level obtained from Section 5 of Reference 1l.7.9 it is reconmended
that the calculated value of root mean aquare stress at the rivot line should be used
as the stress at the failure position. In practice the failure position is
sufficiently close to the rivet line for this approximation to be within the range of
accuracy of the simple theory used for stress prediction in Reference 1.7.9.

1.3 Plain Test 5]ecimens

1.3.1 Teat specimens

The form of the cantilever test specimens is shown in Figure l.la. The
material tested was 2024-T4.

1.3.2 Method of testing

The test specimen was clamped at one end to a ripgid mass and
electromagnetic excitation was applied to the other end through a small steel
plate attached to the specimen. The narrow band random excitation resulted in
a Rayleigh distributiun of peak loads in the test specimen at a resonant
frequency of approximatoly 2000Hz. The stress level was monitored using a
capacitive transducer locatued at the base of the test specimen. The transducer
signal was integrated, with suitable time constant, by means of a truve r.m.s.
voltmeter which was first culibrated against a strain gauge placed at tha
failure position. Tests for r'aillure were made usi.® sinusoidal excitarion, the
criterion boing the reduction of the resonance frequency to 98% of its original
value.

In these tests the load was truncated at X & times the root mean square
stress.

1.3.3 Test results

The results of plain cantilever fatigue 2ts are plotted on Figure 1.3.
For these tests Srm‘ is the roct mesn squats : uminal bending stress in the

skin at the failure line.

1.4 Integrally Machined Test Specimens

1.4.1 Test specimens

The form of the machined stiffener and free-free beam test specimens are
shown in Figure 1.1b and !.lc. The material tested was VES(AL)S504.

1.4.2 Method of testing

The base of the machined stitfener test specimen rib was clamped to a
moving coil vibrator being fed from a white noise generator. The signal from
the noise generator was lamited to a total bandwidth of\/goctave centred at the
fundamental resonant frequency of the specimen. The resultant vibration of the
specimen was in a mode corresponding to the fundamental natural mode varying
randomly in amplitude, [Iaitlure was detected by the iuncrease in damping and sharp
reduction in resonant frequency accompanied by 1luctuations i1n strain amplltude.
In some cases the stress was monitored away from the failure line. For these
cases the failure line stress was obtained using an experimentally determined
factor.
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Th. free-free beam was suspended on two elastic zupports and excited
at one end through a moving coil vibrator being fed from a white noise
generator, as indicated in Figure l.lc. The resultant vibration of the beam
was in a mode corresponding to the fundamental natural bending mode.

In these tests the load was truncatsd beiween : 3.0 and * 3.5 times the
root niean squsre stress.

l.4¢3 Test results

The vesulis of machined stiffener and free-free beam test. are plotted
on Figure 1.3. For theae tests srma is the root mean square nominal stress
at the failure position. A typical failure position for the machined
stiffener is shown in Figure 1lb. The failure possition on the free-free beam
was at the mid-position on the free edge of the stiffener web.

Riveted~Skin Test Specimons

1.5.1 Test specimens

Form o€ the test specimens having singloe and double rows of skin
attachment rive!s is shown in Figures l.2a anu 1.2,

For the specimens with a singie row of skin attachment rive.s four
material typo~ were tested D.T.D,710, © .T.D.746, D.T.D.%070 and 3.1364.5. Data
for three types of rivet hole are pressniad, plain holes with mushroom-head

rivets, and 100° cut countersunk and 100° hot-prsssurs-dimpled hivles with
countersun) rivets. Data for two types of viscoelaatic jointing compound are
presented, t.ype 1 to specification D.T.D.5605 (JC5A) and typs 2 to spacification
D.T.D.4611 (Thiokol).

For the specimens with a double row of skin attachment rivets two
material types were tested, D.T.D.710 and CMOOl-1LC. Data for both solid and
blind countersunk rivets are-presented with cut countersunk holes. A type 2
viscoelastic jointing compound to specification D.T.D. CMO21A (Viton) was used
with solid ccuntersunk rivets.

1.5.2 Method of testing

‘The riveted-skin tv:* 2jecimens were tested in a similar manner to those
used for the machined stiffe.iey test specimens described in Section 1.4.2.

In these tests the load was generally tr.acated between * 3,0 and % 3.9%
times the root mean square stress, although in a few tests the load truncation
level was between * 4.4 and £ 4.6 timos the root mean square stress.

1:5.3 Test results

The results of the riveted-skin fatigue tests are plotted in Figures 1.4
to 1.11 for the configurations shown in Table 1.1l. For these tests srn- is
the root mean square nominal bending stress in the skin at the failure line.
Figure 1.14 showa the position of skin cracks in the specimens with a single
row of shin attachment raivets and Figure 1.15 vhows the position of skin cracks
in svecimens with a double row of skin attachment rivets.

S-N data presented in Figure 1.7 indicates that there may be an affect
of thickness on life; the test data for the 24 swg (0.558 mm) skin shows a
lower life at any given stress level tian that for thicker skins. The
evidence of a thickness effect is not ap.arent in Figure 1.1l where different
rivet holes are used. This suggests that the apparent thickness ::fect in
Figure 1.7 results from stress concentrations at the rivet holes being more
severe in the thinner skin for mushroom-head rivets .!n plain holes.

[N S




1.6

1.7

TABLE 1.1
FIGURE SKIN JOINTING | RIVET RIVET
" RIVETS MATERIAL
No. 1
o MATERIAL COMPOUND HOLE SPECIFICAYTTION
1.4 3.1564.3 none plain single row m/h 2.4360.1
1.5 CMO01-1D none c/s double row c/s BAS 7002%
De.T.D.710 none ¢/8 double row c¢/s +
1.6 D.T.D.5070 | type 1 plain single row m/h L 86
1.7 D.T.D.710 | type 2 plain single row m/h L 86
3.1364.5 type 2 plain single row m/h 2.4360.1
D.T.D.5070 | type 1 c/s single row c/s L 86
1.8 D«T.P.710 | type 1 c/s single row ¢/s L 69
D.T.D.746 | type 1 e/s single row c¢/s L (9
1.9 D.T.D.710 | type 2 c/a single row c¢/s L 86
CM001-1D type 2 c/s double row c/s BAS 7002™
1.10 3.1364.5 nons H.P.D. single row c¢/s 2.4360.1
1.12 D.T.D.710 | type 1 H.P.D. single row c/s L 86
m/h = mushroom-head n  BAC specification
¢/s = countersunk + monel and stainless steel

H.P.D. = hot-pressure-dimplea

Rib-Flange Test Specimens

1.6.1 Test spccimens

The form of the test specimens is shown in Figure l.2c. Two material
types were tested, L.T.D.710 and D.T.D.5070.

Data for two types of rivet hole are presented, plain holes r-ith
mushroom-head rivets, and 100° hot-pressure~dimpled holes with countersunk
rivets. Data for two types of viscoelastic Jointing compounds are preascnted,
type 1 to specification D.T.D.5604 (JC5A) end type 2 to apecification
D.T.D.4611 (Thiokol).

1.6.2 Methocd of testing

The method ol testing was as described in Section 1.4.2 with the test
specimen skin slamped to the vibrator.

In these :ests *he load was truncated at t 3.2 times the root mean
square stress.

1.6.3 Test Results

The resuits of the rib-flange fati,ue tests are plotted in Figure 1.12
and 1.13 for materials D.T.D.5070 and D.T.D.710 respectively. For these teste
Srms is the root mean square stress at the flange bend.

wWith few exceptions the failure originated in the flange bend. The
erxceptions were in a small number of specimens with type 1 viscoelastic
1cinting compound where failure originated at a rivet hole.

Derivation and iteferences

Derivation

1.7.1 Bayerdorfer, G. Unpublished work by lornier AG.
Carl, R.

1.7.2 Townsend, N.A. The fatigue strength between 105 and 10lo cycles
corke, D.M. to failure of light alloy skin-rib joints under

fully reversed bending loads.

vYart 2 - iandom amplitude excitation.

Hawker Siddeley Aviation Ltd. bStress Office
Report S54. Wwork under Ministry of Aviation
contract KhS/1/0115/C.k.43(a)2, May 1963.
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APPENDITX 1A
1A. Materials
1A.1 General Description
2024-TY Aluminium~copper-magnesium-manganese alloy sheet

clad with aluminium. Solution heat treated and
naturally aged.

3.1364.5 Aluminium-copper-magnesium-manganese alloy sheet
clad with aluminium. Solution heat treated
followed by strain hardening.

D.T.D. 710 Aluminium-copper-magnesium-silicon-manganese
alloy shee* clad with aluminium. Solution heat
treated and naturally aged.

DeTeDe 746 Aluminium-copper-magnesium-silicon-manganese
alloy sheet clad with aluminium. Solution heat
treated and artificially aged.

D.T.D. 5070 Aluminium-copper-magnesium-nickel-iron alloy
sheet clad with aluminium-zinc alloy. Solution
heat treated and artificially aged.

CMO001-1D Aluminium-copper-magnesium-silicon-nickel-iron

(BAC designation) alloy sheet clad with aluminium-zinc alloy.
Solution heat treated and artificially aged.

VES(AL) 504 Aluminium--copper-magnesium-nickel-iron alloy

(BAC designation) plate. Solution heat treated and artificially
aged.

1A.2 Material Chemical Cemposition

In Table 1A.1 the chemical compositions of the core material and cladding are
listed for meterials considered in tiies Section. The values given are the limits of
each alloying element as a percantage by weight of the total.

1A.3 Equivalent Materials and Tensile Properties

In Table 1A.2 the tensile strungth of the materials for which data are
presented is given. Tho stiength values qQuoted are epplicabla to the material
thicknesses considered in t%is Section.

For the materials for which data are presented the equivalent, or nearest
equivalent, Aluminium Association alloy is given in Table 1A.2. The U.S. designation
of the equivalent heat treatment condition is also listed. Other national standard
designations may be found in the latest editions of ileferences 1lA.4.1 and lA.4.2.

1A.4 References
A 4.1 - Conversion charts, data sheets and equivalence
lists for American aircraft materials.
NATO document AC/82-D/4.

1A.4.2 - Aluminium standards and data. Aluminium
Association, New York.
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TABLE 1A.1
MATERIAL " 7
202 D.T.D. 710 D.T.D. 5070
VES{AL) 504
ELEMENT 3.1364 D.T.Ds 746 CM001-1D
CORE CLAD DING CORE CLADDING | CORE |CLADDING PLATE
Cu 3.8 to 0.1 3.8 to 0.02 1.8 to
4.9 max. 14-8 max. 2.7 —
M 1.2 to 0055 to 1.2 to
€ 1.8 — |o0.85 — 1.8 —
Ma 0.3 to 0.05% 0.4 to 0.2
0.9 max. 1.2 - max. —
P 0.5 1.0 0.2 0.9 to
] 1 u —
max. Fe+Si max. max. .
0.7
005 006 to 0015
§i max. max: lo.9 max. — — e
[]
Za 0.25 0.2 0.03 0.1 0.8 to n
max. - max. max. max. 1.2 5
0.2 0.8 to &
N4 max. -_ 1.4 -_— a
“ud
b _ 0.05 0.05 °
max. max. ™
H
sn 0005 0005 (3]
— - max. -_— max. — o
<
0.1
Cr mAaxX . i— Cr+Ti '
0.3 0.2 (
max. .
T4 » » — max. —_
° 0.05 0.0%
b Each max. max.
2
ﬁ 0.15
0.15% .
°
Total max. MAX o —
he 99‘7
Al REM REM REM min. REM REM
REM = REMAINDER °
n for 2024 0.°/0 and 3.1364 Ti + 2r 0.2°/0 max.
+ for D.T.D. 5070 0.25°/0 max. and for
CMOO1-D 0.15 to 0.25%0
TABLE 142
Material AA Heat Treatment Tenaile S;rongth
Tested Alloy Condition MN/m
2024-TY 2024 T4 457
3.1364.5 2024 T3 402
D.T.D. 710 2014 or 2024 T4 386
D.T.D. 746 201!, or 2024 T6 417
D.T.D. 5070 2618 T6 390
CMOO1-1 2618 16 394
VES(AL) 504 2618 T6 402

*

Fo: thickness 20 swg to 24 swg (0.914 mm to 0.5%8 mmg. 2
For thickness 17 swg to 19 swg (1.422 mm to 1.016 mm) 425 MN/m“.

e,
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Seotion 2

NATURAL FREQUENCIES OF FLAT OR SINGLY-CURVED SANDWICH PANELS
WITH CORES OF ZERQO FLEXURAL STIFFNESS

2.1 Notation

a longer dimension of flat panel, or leagth of

curved panel straight edge ]
b shorter dimension of flat panel or arc length

of curved panel m

01.02.03 non-dimensional parameters
. (see Derivation)

4 E Young's modulus of face-plaie material N/ln2
r non-dimensional parameter
(see Derivation)
to natural frequency of curved panel Hz
i ff natural frequency of flat panel Hs
! f“ natural frequency of uniform flat plate of
s thickness equal to distance between midplanes
i of face DpDlates and having density and Young's
modulus equal to those of the face platies Hz
G shear modulus of honeycomb core material )1/-2
i G..Gb transverse shear moduli of core in planes 2
defined in sketch beluw N/m
/ a o
/- /\
\ b
Sholm'ovG. \/ S!wplomfor‘c.
L. /
G, effective shear modulus of core N/nz
Gx.o transverss shear mcduli of core in planes 2
Y defined in sketch on page 20 N/m
h core thickness m
xl,xz non-~dimensional parameters
(see Derivation)
g length of honeycomb cell wall m
] number of half-waves parallel to side of
length a
1 n number of half-waves par~llel to side of
] length b
R radius of curvature of panel m
t face-plate thickness m
tc thickness of honeycomb core material ]
Po core density kg/m’
Pe face~plate density kg/m3
v Polsson's ratio of face-plate material

A\ R
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10/4u?

c/s
o/s

c/s

1be/in*

1b¢/1n?

1bt/1a?

1bt,/in
in

in

in

in

in
1b/1n3
1b/in’

Both SI and Britiash units are quoted but any coherent system of units may be used.

AN e
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22 Notes

This Section gives a method of calculating the natural frequencies of initially
unstressed flat or curved rectsngular panels of sandwich construction with identical
face plates. The core is assumed to have zero flexural stiffness and to be isotropic,
but a moderate degree of orthotropy 1‘.0.:|~/3<G./Gb <3 can be taken into account. The

data have been derived for application to honeycomb sandwich panels, but may be used
for other types of sandwich panel having cores of negligible flexural stiffnesse
provided that their properties comply with the assumptions stated later in these notes.

The natur.:]l frequency of the sandwich panel is obtained by factoring the natural
frequency, f“ of a solid flat plate of thickness equal to the distance between the

mid=-planes of the face plates, h+t, according to the following expressions.

For a flat panel: For a _curved panelt
2 2 1/2
b o £ Cc.C b 4 b o 1 ( > ) 23
= . = + .
£ u1-2 ¢ f n®R(net)/ 2
The values of ¢, C,, C,, C and f are obtained as shown in the following
u 1 k 3 (]
Table.
Parameter: obtained from: as a function ofs
h a
P Reference 2.3.2, S S0 m,y n, cdge
u 2:¢3+5 or 2.3.6 b b conditions
4
Cl Figure 2.1 A -
Pe t
G
G, /6, Figure 2.2 2
Gn
E ¢t ‘hot[znz mb
Cz Figure 2.3 - - 2 g ——
G h a an
©
c Figure 2.4 =b
3 an
/ b
r/t Figure 2.5 C,» Ca,»
't 2 3 an(hot)

The shear moduli of the core, G. and Ob. can be obtained from manufacturers'

data or test, or they can be calculated for honeycomb cores. A suitable test method
is described in Reference 2.3.3 and a calculation method for hexagonal honeycoamdb cores
is given in Reference 2.3.4« For the case of deep hexagonal honeycomb cores with

b/l >2, and included angle of 120°,

o

Gy = 0577 T G

and Ox s 1.5 Gy'
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° Shear moduli of different samples of core may be expected to vary by up to about
25 /o. bt the effect on natural frequency is significant only when c2 is much less
than unity.

The data are based on an exact solution of the simplified differential equation
of motion of an idealised slightly-curved panel described in Derivation 2.3.1.

It is assumed that the orthotropic core carries no in-plane loading, but carries
all the transverse shear. The method of accounting for orthotropy has been simplified
to allow graphical presentation, but the errors arising from this simplification do
not exceod 1 per cent over the ranges of variables covered by the Figures.

The panel is assumed to be simply-supported at all edges, but it is suggested
that provided c2 is close to unity the fundamental natural frequency for panels

with fixed edges can be found approximately by taking :u corresponding to fixed-edge
conditions for a uniform plate.

The frequencies of the higher modes of curved panels are obtained approximately
by assuming that the frequencies are the same as for a simply-supported panel having
dimensions of one half wavelength in each direction, i.e. by substituting a/m and
b/n for a and b. Frequencies calculated this way compare well with the few
experimental results that are available for modes up to (3,1) or (1,3).

] It is assumed that the half-wavelengths are large compared with the cell-sise of

] honeycomb core, and that there is no strain in the through~thickness (radisl) direction.
These assumptions are not expected to lead to serious error for conventional sandwich
panels covered by the ranges of variables given in Figures 2.1 to 2.4, but any extra-
polation outside these ranges should be treated with caution.

Figures 2.3 and 2.4 are drawn for a value of ¢ = 0.3,

A computer program to calculate both natural frequencies and stress response,
based in part on this Section, is given in Section ] of this AGARDograph.

2.3 Derivation and References

Derivation
The frequency expressiins are;
ft - tuclc2 ’

2 2 1/2
b ¢
and t = f 1*( ) s
¢ £ ni;(htt) Cg

where tu is obtained from Reference 2.3:2, 2.3+% or 2.3.6 and

. 6 1/2
1 " (2.8 B
Pe ¢t
c. = (_l_:_ (£>‘hn!2-2 x? 3 1 . (4%) ‘ + 1 T
2 o, An/ a* 2(1-0) mb
and 03 - !
22 2.2
2 |a’n An
h K, = = (1 - 2535 +1-v0 '
where 1 r [-2bz +0) - ¢ { alb? Y ]]
2 2
2 a‘n
K = - 1 - 2 1 '
2 : [( +q) o { * 52 ( -0')}]
T (1e0)? - |2 ﬁl‘; +1-0 ] [ 2. an (1-6)] '
.252 .zb .sz
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and Ge =

2¢3:1 Jacobson, M.J.

References

2:3.2 -
2633 -
2:344 -

2¢3+.%5 Thomeson, A.G.R.

2:3.6 -

2.4 Ezample

It is required to estimate the natural frequency in the mode with one half wave-

Stress and deflection of honeycomb panels loadod

TN NTRTME NS

by spatially uniform white noise.
AIAA Journal, ¥ol.6, No.8, August 1968. |

|

Natural frequencies of uniforw flat plates.
Engineering Sciences Data Item No.66019, 1966,

Experimental determination of the shear and
flexural stiffnesses of a sandwich panel.
Enginooring Sciences Data Item No.66023, 1966.

Modulu- of rigidity bf sandwich panels with
hexagonal cell cores.
Engineering Sciences Data Item No.67022, 1967.

Natural
plates.
Section

Natural
plates.

frequencies of rectangular singly-curved

Acoustic fatigue design data, Part 1,

4+ AGARDograph 162, Part 1, May 1972,

frequencies of }octangular singly-curved

Engineering Sociences Data Item No.7200u. 1972.

length in each direction of a singly-curved honeycomb sandwich panel with simply-
supported edges having the following dimensions and material propertiess

& = 450 wm,
E = 70 400 MN/n?,

b= 300 [T

G, = 1k M¥/n?,

t & 0.5 mm,
2
G, = 212 MN/n%, Pe

h-l(;-. R-1660 nn,
= 2660 kg/m’,

o = 0.3,

Po = 64e0 ke/m?,
Hence 2 . 1. v
b
and from Reference 2.3.5% '
Kgn = Oeb7x 103 m/s, V = 1.013 '
3 0.0105
and b ¢ = 347 x 10 x 1.013 x -_-"-I
u ; (0+300)
] 410 Hs.
P 4 =3
Now l—c h = 6 20 x 10 x 10 -3 = 03“81 . I
Pe t 2660 x 0.5 x 10
Therefore from Figure 2.1,
C, = 1.553.
- G G
FProm Figure 2.2, for 22 . 0,667 and = = 1.5, 32 = 129,
a a
Hence G, = 1.29 x 141 = 182 MN/m“ .
From Figure 2.3, for
2.2 2 2
JL)(t) ‘hot)zm . 10400 0.5 10,57 x 1" _ 0. . 1573
Gc h a 182 10 450
and for L L. 0.667, by interpolation,

' an . )
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c - 0.915 .

N

From Figure 2.4, for Es = 0.667, by interpolation,

03 = 0,0082 .
Hence tf = ruclcz s 410 x 1.555 x 0.91% = 583 Hs.
2 2
Now b - ) 200 = 5.36
nzn(h¢t) 1% x 1600 x 10.5

and from Figure 2.5, the point q on the pivot line is obtainad by joining the point
C, = 0.915 with the point b°/n®R(het) = 5.36. A straight line joining the point
Cy = 0,0082 with q intersects the £./f, scale at 1.13.

Hence f /f, = 1.13 and £, = 1,23 x 583 = 659 Hs.

14
cl
-3
" \\
(] \«
10
0 05 10 15 20 25 30

BN PN
~l>

FIGURE 2.1
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Section 3

STRESS RESPONSE OF FLAT O SINGLY~-CURVED SANDWICH PANELS WITH CORES
OF ZZRO FLEXURAL STIFFNESS SUBJECTED TO RANDOM ACOUSTIC LOADING

3.1 Notation

a longer dimension of flat panel, or length
of curved panel straight edge n in
b shorter dimension of flat panel, or arc
length of curved panel m in
E Young's modulus of face plate material N/n2 lbf/!.n2
'1"2 non-dimensional parameters
f fundamental natural frequency of panel He c/l
G.,Gb transverse shear moduli of core 2 2
defined in sketch below N/m ibf/in
IA ° _/
=
b
Sheor plone for G, N Swor plone for Gy
/7 /
G _(f) spectral density of acoustic rressure
p at frequency f (N/uz)z/ﬂs (lbt/inz)z/(c/n)
h core thickness m in
Kla’x2;
K [ x
1b°"2b non=-dimensional parameters
Kis'K2e
Xy
Kb damping ratio correction factor
L .(f) spectrum level of acoustic pressure at . +
P frequency f 4B dB
Prmg T+me8s fluctuating pressure N/-2 lbr/:l.n2
R radius of curvature of panel (] in
Srm. remes. stress at surface at centre of 2 2
panel due to aoustic loading N/m 1bt/in
t face-plate thickness » in
[ damping ratio in the fundamental mods
Po core density kg/.3 »
Pe face-plate density kg/-3 n
o Poisson's ratio of face-plate material

* The reference pressure for sound pressure level is 20 uN/n2 (0.0002 dyn/clz).

% density value expressed in British units as pounds per cubic inch bas to be
divided by 386.4 before it can be used to calculate (pch+2ptt). (A force of 1 1bf

acting on a mass of 1 1lbf produces an acceleration of 386.4 1n/¢2.)
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32 Notes

This Section gives a method of estimating the r.m.s. stress in the face plates of
a sandwich panel subjected to random a. ustic loading. The panels considered are
initially unstressed flat or singly-curved panels with identical face-plates. The
data apply particularly to honeycomb sandwich panels but can be used for other sand~
wich panels provided that the core properties are such as to comply with the
assumptions stated later in these notes.

The reference position for face~plate r.m.s. stress is the centre position of the
panel. Stresses at other positions may be found by applying a suitable factor to the
reference stress. When estimating honeycomb panel edge stresses it is necessary to
consider the panel edge detail design. For a panel with reduced-thickness edges it
may he assumed as a first approximation that the stresses adjacent to the edge are of
the arme order as the corresponding stresses at the centre. For pane! edge design,
the edge surface stresses rhould first be estimated; then, either from test or past
experience, the edge design should be chosen to suit the estimated stress.

In this Section no allowance is made for the stress relief in the outside skin of
a sandwich panel having crushed, or cut away, core such that the whole of the outer
skin lies in the same plane. The stress relief Outer skin
is due to the supports restraining the panel \
skin in-plane extensions. Some guidance in =
assessing the effect of reducing the panel edge \i\L> (
thickness on the calculated stress may be found
in Reference 3.5.4. In this Reference ratios N
of inner and outer face~plate atresses are
given for a panel mounted on rigid supporis.
In practical structures the compliance of the Sketch 2 Typwcol reduced thichness ponel edge
supports will reduce the stress ratios.

Ihl\t" skin

It is assumed that only the fundamental mode is excited and that the panels are
of shallow curvature and simply supported. The shallow curvature condition is
satisfied when b/R <1.5. In the fundamentel mode the panel is assumed to vibrate
with one half wave in each of the principal directions. Experimental evidence shows
that the assumption of unimodal response gives good results for stresses in flat,
square honeycomb panels. As the cuxrvature and panel aspect ratio (a/b) are increased
it is likely that the effect of higher order modes will be increased. Stresses
estimated for panels having b/R>0 4, or 0.37>a/b>2.0, should be treated with
caution as no measured data are available to check the validity of the simpie response
theory for these cases. The assumption that panels have simpiyv-supported edges is
Justified for conventional sandwich panel construction where the core material is
crushed, or cut away, to bring the face plates together at the panel edge: tests show
that for panels of this type the funismental natural frequency is close to the simply-
supported panel value.

This Section may be used for panels having fixed edges if an effective value is
used for panel dimension & .+ As a first approrimation it is recommended that the
effective length should be the length of the simply-supported panel having the same
fundamental natural frequency as the fixed-edge panel. It should be noted that
experimental data are not available for comparison with calculated fixed-edge panel
remes., stresses so stresses calculated in this way should be treated with caution.

The core is assumed to have zero flexural stiffness and to be isotropic, although
a moderate degree of orthuotropy, i.e. 1/3<:Ga/6b<:3' can be taken into account. It

is also assumed that the orthotropic core carries no in-plane loading, but carries all
the transverse shear. The shear moduli of the core can be obtained from manufacturersa'
data, test or, in the case of honeycomb cores, by calculation. A suitable test method
is described in Reference 3.5.8 and a calculation method for hexagonal honeycomb cores
is given in Reference 3.5.9.

In producing this Section the values of o and § have been assumed to be 0.]
and 0.019 respectively. This value of the damping ratio in the fundamental mode is
typical for bonded aluminium alloy honeycomb panels. However, r.m.s. stresses at
different values of damping ratio may be found using the correction factor K& which
is plotted against ¢ in Figure J.1l4.

In Appendix 3A a computer program is described which calculates both natural
frequencies and stress response to acoustic loading. Sub~-routines are given for both
the frequency and stress calculations.

3.3 Calculation Proceaure

3.3.1 The procedure for estimating S in a general case is as follows

rms
(1) Estimate the fundamental natural frequancy of the panel using Section 2.
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(11) Obtain the value of spectrum level of acoustic pressure Lp.(f) at the
calculated frequency. If only the band pressure level is known, it is
first corrected to pressure spectrum level (unit bandwidth) using
Reference 3:5.5.

(1ii) Evaluate a/b and, from Figure 1, read the value of Kl appropriate to

the disection in which tiLs r.mes. stress is required (see Dorivntion).

(iv) Evaluate Gb/G‘ and G.azh/{nt(t+h)2} and from Figures 3.2 to 3.6 or

Figures 3.7 to 3.11, depending on the direction in which the stress is
required (see Derivation), read the appropriate value of K,e The Figure

used within these two groups depends on the value of Gb/Ga°

(v) Evaluate a/R and {(h/2)+t]/a and calculate K, from:

K
h 28
K = -!- K + - ¢ t m——— .
3 R 1* - (z ) a

The sign chosen for the product including Kz is dependent on the panel

surface for which the r.m.s. stress is required (see Derivation).

(vi) Evaluate the parameter E/{a(pch+29ft)} and from the nomograph {Figures
3.12 or 3.13) obtain the value of srmn « The nomographs are entered at
a value of Lp.(f). each quadrant being used in turn in the direction
indicated through ranges of B/{a(pch+2pftﬂ ’ x3 and f. Figure 3.1)

is an extension of the range of Lp.(t) given in Figure 3.12.

(vii) For values of § other than 0,019, factor the estimated value of srn.

by K obtained from Figure 3.14+ The value of § = 0.019 is typical

)
for bonded aluminium alloy honeycomb paneols.

3¢3¢2 Note on the units of spectral density of acoustic pressure

Within the nomograph the spectrum sound pressure level is converted into
the spectral density of .coustic pressure. The spectrum sound pressure level is

converted into the root mean square fluctuating pressuie in units of (N/nz)/Hz
(see expression bwlow or Reference 3.5.6) and then squared giving a value in

units of (h/m‘)z/ﬂzz. Since unit bandwidth is used this is numerically equal to

the spactral dansity of acoustic pressure cp(r) in units of (N/mz)z/ﬂz.

(£f) = 20(103109 + 4.70)

Lpl rms

Ir Lp'(f) is required in British units of (lbr/inz)z/(c/s) it is given
by

LP.(f) = 20(logloprm. + 8.54).

3«4 Cowmparison with Measured Data

Figures 3.15 and 3.16 show a compar. son of estimated and measured face-plate
remes, stress at the centre of sandwich panels. In estimating stresses for Figure
3.15 the fundamental natural frequency calculated using Section 2 was used, and tie
value of damping ratio was taken to be 0.019. For estimated stresses in Figure 3.16
measured values of fundamental natural frequency and corresponding damping ratio were
used.
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i1l data used in these compariscns are for panels having crushed or cutaway cores
at the edge attachment positions. N:¢ allowance has bLeen made for stress relief due to
the rigidity of the supports. In all cases the highest measured panel centre stress
is compared with the equivalent nigh.:t calculated principal stress.

3¢5 Derivation and References
Derivation

0,29K,.EK 1/2
The expressior. for r.mes. stress iz S __ = W Gp(f)

K
| vhere K, = 3K1._+_(2+ t)—z—'- .
! R 2 a
g (1) For surface stresses parallel to the pinel side of length a K, =K and
1ls la

le = xz‘ where
2

2
K, = - 2 (1-cr){(9-) - c} + 0 - o'(-‘-)-z-{ o(l+q) - 2 - (3) (l-c)}
Fl b b Fl b

2
3 G 1 3 2
: and K, = 25 2,(._!)[1 ,(g)‘,; s <EEt(teh x
J

28 2 2
r, { G, b 26,a h(1-c*)

' () IR o))

(11) For surface stresses parallel to the panel slde of length b K
Kz. = be where

2 2
K, = - 29(1.¢) {(2)- o’} +1-2 (3){0'(1«7) -2- (5) (l-e)}
F, b, r\b b

1s " Kyp and

= e 2@ () e
(T G - oo )0 ) LG

v (1-0) [1 ) <t\2(39>]} ) FL{M} 2

2G.nzh(1-62)

oho

In the equation for Ks the minus sign, in front of the final product, is used

for surface stress on the convex side of tho panel and the plus sign for the surface
stress on the concave side of the panel.
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3.6 Example

Ii. is required to estimate the r.m.s. stress on the face plates at the centre of
a simply-supported honeycomb sandwich panel subject to jet noise. The variation of
sound pressure level over a range of frequencies is given in the table, sound pressure
level being 1/3 octave band levels.

T

Sound pressure 152 155 154 150
level dB

Frequency Hz 200 500 1000 2000

The panel has the following dimensions and material properties:

a = 450 mm, b = 730G mm, R = 1600 mm,
h = 10 mm, t = 0.5 mm, o = 0.3,
E = 70 400 MN/m®,  G_ = 141 MN/m?, G, = 212 MN/m®,
1 pp = 2660 ke/m?, p, = 6b Kkg/m>.

Tyr—

From Sect:on 2 the fundamental natural frequency of the panel is 659 Hz.

By interpolation from the table the 1/3 octave band pressure level at 659 Hz
is 154.9 dB.

From Reference 3.5+5,

Lps(f) = 154.9 - 21.7 = 133.2 dB.




with a/b = 1.5,

from Figure 3.1

K, = 0290 and Ky, = 0.408.
Now Gb/ca = 1.5
¢_a%h 142 < 105 x 0.452 x 0.01
a
and 5 = ' 7 = 73.6
Et(t+h) 70 400 x 10° x 0.0005(0.000%5 + 0.,01)

Ther~.ore from Figure 3.5, KZa = 13.5

and from Figure 3.10 bi = 21.2¢

a 045 (3+t) 291, 0.0005
80 = = ——— x 0,281 and —2— = —2— T . 0.0122 .
R 1.60 a 045

From the equations in the Derivation, Section 3.5, the values of x3 required to
determine the r.m.s. stress parallel to side a are given by

(1) on the concave face-plate surface

W
"

K
By, (n+t) —2a
R 2 a

|o.281 X 0,290 + 0.0122 x 13.5 = 0.246

and (i4) on the convex face-plate surface

K
2K, - (9+t) 22
R 2 a

l0o281 x 0.290 - 0.0122 x 13.5 = 0.083

the values of K3 required to determine the r.m.s. stress parallel to side b are

given by

(1) on the concave face-platu surface

K
2y, . (ﬂn) Z2b|
R 2 a |

|0.281 x 0.408 + 0.0122 x 21.2] = 0.373

and (4ii) on the convex face~plate surface

K
a h 2b
0" R b T (2+t) a
= |0.281 x 0.408 - 0.0122 x 21.2] = 0.144
E 70 400 x 10°
then — —
a(p°h+2prt) 0.450 x (64 x 0.01 + 2 x 2660 x 0.0005)

From Figure 3.13, entering the nomograph at 133.2 dB the streases in the face plates

are shown in the table.

e U7.4 x 109872,

Srms parallel srn- parallel
to side a to side b
(uN/n?) (/)
concave surface 18.3 27.7
convex surface 6.2 10.7

3
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Thereforc the resultant stress on the panel concave surface (§ = 0.019) is

/18.32 + 27,77 = 33.2 MN/m? ,

and the resultant stress on the panel convex surface (& = 0.019) is

/6.2z + 10,77 = 12.4 MN/u® .

From Figure 3.1l4, for § = 0.03, K6 = 0,796,
Hence the r.m.s. stress at the teatre of the panel on the concave surface is

33.2 x 0.796 = 26.4 MN/m2 and on the convex surface is 12.4 x 0.796 = 9.87 Hﬂ/uz-
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APPENDIX 3A
COMPUTER PROGRAM

3A.1 General Notes

The first few natural frequencies and r.m.s. skin stxesses of a singly curved
sandwich panel may be found using this computer program. The assumptions given in
paragraph 3.2 are applicatle to the program.

A listing of instructions for two sub-programs is given in FORTRAN IV programming
language. A main program is required to read in data and print out calculated values
of natural frequency and r.m.s. skin stress. A listing of instructions for this
program is not given as the instructions required are dependent on the particular
computer used. The requirement for the main program are given in the form of a flow
chart Figure 3A.1 and details of the sub-programs are given below.

The main program must include the COMMON statement which is written in both the
frequency and stress sub-programs.

When run on a CDC 6600 computer, with suitable main program to read in data and
print out frequencies and stresses, 16K store was used and the execution time for six
sets of panel data was less than one second.

3&.2 Frequency Sub-Program

This sub-program solves for all natural frequencies where there are not more than
three half-waves in either direction across the panel. The panel edges are assumed to
be $imply=supported.

The panel frequency data to be input for each panel considered are values for the
variables listed in Table 3A.l.

TABLE 3A.1
VARIABLE | VARIABLE NAME | VARIABLE | VARIABLE NAME
‘ a A G, GA
b ] G, GB
h H E E
t T Pe RHOC
R® R Py HHOF

® Por flat panels input dummy negative value for R.

Any coherent set of units in which time is expressed in seconds may be used, the
frequencies being obtained in Hz.

On returning to the main program from the frequency sub-program the natural
frequencies of the panel are stored in ARRAY F as shown in Table 3A.2. In this table
m 1is the number of half waves across the panel in the direction parallel to the side
of length a, and n is the number of half waves across the panel in the direction
parallel to the side of length b.

{

TABLE 3A.2
n
o 1 2 3
1 F(1,1) F(1,2) F(1,3)
2 F(2,1) F(2,2) F(2,3)
3 F(3,1) F(3,2) F(3,3)
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3A.3 Stress Sub-Program

This sub-program solves for the r.m.s. face-plate siresses at the centre of a
sandwich panel. The panel edges are assumed to be simply-supported.

The panel stress data to be input for each stress case considered are values for
the variables listed in Table 3A.3.

TABLE 3A.3
VARIABLE VARIABLE NAME
Lp.(f) SPL
[ DELTA

In this sub-program the r.m.s. fluctuating pressure equivalent to Lp.(t) is
computed. The units of this pressure in the sub-program are N/uz. If British units

are used this pressure must be calculated in urits of 1bf/1n2. To obtain this pressure
in British units the statement against label 110 should be replaced by

X2 = 10,0 #% (SPL/20.0 - 8.53749).

On returning to the main program from the stress sub-program the reme.s. face-
plate stresses are stored in ARRAY STR as shown in Table 3A.4

TABLE 3A.4

Parallel to Parallel to Resultant
side a side b

Inner or concave
face-plate strese| STR(1,1) STR(1,2) STR(1,3)

Outer or convex
face-plate stress| STR(2,1) STR( 2,3} STR(2,3)
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SUBROUTINE FOR SANDWICH PANEL FRE UENCIES (ALL EDGES SIMPLY~SUPPORTED)
e oA N LT _PANEL FREQUENCIES e e R DR R Y 3

SUBROUTINE FREQ
COMMGN A,B,E,GA,GB,R,T,F(B.B),RHOF,RHOC.SPL.DELTA,STR(2,3),H
PNU=0. 3

c

C CALCULATE SANDWI..! PANEL NATURAL FREQUENCIES
C

DO 101 N=1,3

DO 101 M=1,3

XT=GA*A# % 2#H# (1,0-PNU*#2) /(15.503%E#T*( T+H #H2) /Mnn2
XF=(A*N/(M*B)* (1.,0+PNU) *82.(2.0n(A%N/(MxB )##241.0-PNU) # (2,04
1(A*N/(M*B) ) ##2%(1,0-PNU )
XJ-39.Q78*GB/GA+6.2832/XT’(2-0‘(A*N/(M*B))**2+1.0-PNU+GB/GA*(2.0+
1(A*N/(u*n))**zw(l.o-pnu)))-xr/xrwﬁz

XK3=(-19.739/(A*XJ))* 6.2832*OB/GA+(2.0*(A'N/(M*B))*l2+1.0-PNU-
1GB/GA* (A*N/(M*B) ) ##2# 1.04PNU))/XT)

XKin(~-19.739/(A*XJ))» 6.2832*A’N‘GB{(M*B*GA)+(A'N*GB/(M*B*GA)*(2.0
1+(A’N/(M’B))**2*(1-0-PNU))-A'N/(M*B *(1.0+PNU))/xT)
x-¥§*(A*XKB+GB'A*'2'N*XKR/(H'B'GA)+3.1&16'(1.0+(A§N/(M*B))**ZGGB/
1GA

IF(R)102,102,103

C CALCULATE CURVATURE PACTOR

€ 103 XKI-A/(1.5708'R'XF)*’(A*N/(M*B))"2’(1.0+PNU)-PNU*(2.0’(A*N/(H*B))

1%%241,0-PNU) ) /M
xxz-A/(1.5708‘R*XF)*(PNU'(1.0+PNU)-2.0-(A'N/(M'B))*'2* 1.0-PNU) ) /M
x-x+(A‘*2/(u.93h8*(H+T)*R))“*2*(1.0-(3.1“16“R/A)*(A*N/ M#B)#XK2+
1PNU*XK1))/M##2

102 THETA=SQRT(X)

101 F(M.N)-j.1b16*THETA/A*'2'SQRT(E*T‘(T&H)**Z/(B-Oi(l.O-PNUlDZ)'(RHOC
1*H+2, 0% RHOF#T) ) ) #M## 2
RETURN
END

SUBROUTINE FOR SANDWICH PANEL FACE.PLATE R.M:S. STRESSES
e S LAV B DA TR ReMe S, STRESSES

SUBROUTINE STRESS
COMMON A.B,E,GA.GB,R,T,F(j,)),RHOF.RHOC,SPL.DELTA,STR(2.3).H
PNU=0, 3

C

C CALCULATE RMS STRESS

c

1x:s”a/mu.owuu))uz-(z.oo(A/a)uzu.o-pnu)u(2.04(A/a)u2~(1.0-
P

xrz-b.0*3.1u159“*2'GB/GA+E'T'(T¢H)"2'3.1&159"&/(6A*A*“2'H*(1.0-
lPNU’“Z))*(2.0“(A/B)"2+1.0-PNU¢GB/GA*(2.0+(A/B)“'2'(l.O-PNU)))-
2XF1/(2.0'GA'A"2'H’(1.0-PNU*’2)/(3.1“159"3'3*T*(T+H)*'2))iiz
XK3=6.28318%GB/GA+(2.0%(A/B '~2+1.0-Pnu-sa/cAi(A/a)*&z»(1.0¢puu))/
I(GA'A**z’H'Z.O‘(1.0-PNU*'2) *(E’T‘(T+H)*'2*3.1u159"3)
XKb-6.28318'A/B'GB/GA¢§A/B'GB/GA'(2.0+(A/B)h*2*(1.0-PNU))-PNU*(I.O
14PNU) ) /(GA®A#*24H#2 O 1.0-PNU~~2))~(2~T-(T+H)-~2*3.1u159u-3)
XK2A%-2,0%3,14159%%3/XF2# XK3+PNU®A/B* XKY
XK2Bx-2.0%3,14159#*#3/XF2e PNU#XK3+A/B#*XKY
X1=(0¢019/DELTA) #%0, §

110 X2=10,0%*(SPL/20.0-4,69897)
x-1a.51~x1*x2~s~(r(1,1))»~(-1.5)/((1.o-puu~'z)~3.14159--3.5.A~(
1RHOC*H+2,0* RHOF#T))
xxl-(A/B)“‘z'(1.0+PNU)-PNU'(2.0'(A/B)**2+1.0-PNU)
XKZ-PNU*(1.0+PNU)-2.0-(A/B)"2'(1.0-PNU)
xxlA--z.o/xr1~xx1+pNu-2.o/xr1-xx2~pnu-A/a
XK1Ba=2,0/XF1#XK2%A/B+1,0-2.0/XF1%XK1#% PNU
IF(R)111,111,112

111 X1=0,0
GO TO 113

112 X1=A/R

113 X2=(H/2,0+T)/aA
STR{1,1)aX* ABS(X1#XK1A=X2% XK2A
STR(2,1)aX*ABS(X1*XK14+X2%XK2A
STR{1,2)=X*ABS(X1%XK13-X2*XK25
SIR(2,2)aX*ABS(X1%XK)B+X2* XK2B
STR(1, 3) =SQRT STRzl.1;;*'2+25TR§1.2;;*“2
STR(2,3)aSQRT((STR(2,1))%#2+(STR(2,2))es2
RETURN
END
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FIGURE 3Al COMPUTER PROGRAM FLOW CHART




